To facilitate detection of active bluetongue virus (BTV) infection, a polymerase chain reaction (PCR) protocol was developed. The BTV reverse transcriptase PCR (RT-
Bluetongue virus (BTV) is an insect-transmitted ated with serology and virus isolation. Serogroupdouble-stranded (ds) RNA orbivirus that infects dospecific 7, 9, 12, 13, 21, 24 and serotype-specific 10,13,24 cDNA mestic and wild ruminants. There are 24 serotypes probes have been identified. A serogroup cDNA probe worldwide. Serotypes 2, 10, 11, 13, and 17 have been derived from genome segment 10 hybridized with all isolated in the USA, and serotypes 2, 4, 6, 10, and 16 the US prototype strains and a wide variety of US BTV have been isolated in Israel. The significant economic field isolates and failed to hybridize with EHDV-l, a impact of BTV infection is attributable to direct losses related orbivirus. 9 This finding correlated with the high associated with mortality and morbidity of clinically affected animals, reduced reproductive efficiency, 16 and, perhaps most important, import restrictions of foreign countries on livestock and germplasm that has not been certified BTV free. 18 level of conservation of the nucleic acid sequences of genome segment 10 and the amino acid sequences of its protein product NS3 among the different BTV serotypes 20, 25 Standard nucleic acid hybridization (NAH) protocols for BTV, lacking an amplification step, have been specific but have limited sensitivity. 3, 5 This limitation of standard hybridization assays has also been recognized for other pathogenic viruses. 4, 28, 29 Current diagnosis of BTV infection relies upon serology and costly and time-consuming virus isolation. In addition, serology may not identify an active BTV infection and may be complicated by cross-reactions at the serotype and serogroup level. 2, 8 Competitive enzyme-linked immunosorbent assay (cELISA) formats using BTV-specific monoclonal antibodies (MAbs) have increased sensitivity and alleviated serogroup-level cross-reaction problems. 1, 19 Nucleic acid hybridization (NAH) protocols using complementary DNA (cDNA) probes derived from various BTV genome segments may help circumvent some of the limitations associ-
The polymerase chain reaction (PCR) allows amplification of defined target nucleic acid sequences before detection by NAH protocols. 15 PCR with NAH detection of PCR amplification product has been effectively applied to the diagnosis of numerous viral pathogens. Recently, applications of PCR to detection of BTV have been reported. 6, 26 In this paper, we report on a BTV PCR protocol using oligonucleotide primers derived from highly conserved sequences of BTV genome segment 10, which leads to very sensitive serogroup detection of a wide range of US and Israeli 6, 10, and 16; and US prototypes of serologically distinct Dot blot hybridization. Thirty microliters of the PCR reorbiviruses EHDV-1 and EHDV-2 a were used in this study. action was denatured in 0.1 M NaOH at 60 C for 1 hr and The BTV field isolates were processed and adapted to tissue neutralized by addition of 20 x standard saline citrate (SSC) culture as previously described. 17 Viruses were propagated to yield a final concentration of 6 x SSC. The denatured PCR on Vero cell monolayers before nucleic acid extraction.
product was dotted onto 0.1-µM pore size nitrocellulose Nucleic acid extraction. Extraction of ds RNA from BTV-membrane g using a vacuum manifold (Minifold II). g The infected Vero cell monolayers and nucleic acid from unin-dotted PCR product was fixed to the nitrocellulose memfected Vero cell monolayers was performed using a phenol brane by baking in a vacuum oven at 80 C for 1.5 hr. extraction method as previously described. 9 The extracted ds RNA was resuspended in double-distilled water and quantified using a spectrophotometer at 260 nm wavelength. plementary to predicted amplified viral sequences and in-
Oligonucleotide primer and probe preparation.
ternal to primer annealing sites was also designed. The probe A pair of 18-mer oligonucleotide primers used in the BTV reverse transcriptase PCR (RT-PCR) was designed from the published sequence for genome segment 10 from BTV serotype 10 (BTV-10). 14 Primer 1 consisted of bases 12-29 of the positive strand of genome segment 10: (5')-TCGC-TGCCATGCTATCCG-(3'). Primer 2 was derived from the complementary strand between bases 246 and 263: (5')-CGTACGATGCGAATGCAG-(3'). BTV RT-PCR using this pair of oligonucleotide primers yields a 251-base pair (bp) product. In addition, a 40-mer oligonucleotide probe com-
The 40-mer oligonucleotide probe complementary to predicted amplified viral sequences was 5' endlabeled with [gamma 32 P]ATP by previously described methods. 23 Membranes were prehybridized for 1 hr at 37 C in a buffer composed of 6 x SSC, 5 x Denhardt solution, 0.5% sodium dodecyl sulfate (SDS), and 100 µg/ml salmon sperm DNA. Membranes were hybridized for 4 hr at 65 C in a buffer composed of 6 x SSC, 3 x Denhardt solution, 100 µg/ml salmon sperm DNA, and the radiolabeled oligonucleotide probe. Following hybridization, the membranes were washed 3 times at room temperature for 5 min each in 2 x SSC and 0.1% SDS. There was a final 20-min wash at 65 C in an identical buffer. The membranes were air dried and autoradiographed for 4-36 hr with an intensifying screen.
Results
consisted of bases 171-210 of the positive strand of genome segment 10: (5').CGGTTGCCCTTGAAATACTGGACAA-AGCGATGTCAAACAC-(3'). The oligonucleotide primer pair and probe were synthesized on a Cyclone Plus DNA Synthesizer b and purified on Oligo-pak oligonucleotide purification columns b as per the manufacturer's instructions.
BTVRT-PCR. The RT-PCR protocol used in this study is a modification of a protocol previously reported. 6 Five microliters of target nucleic acid was denatured in a primerdenaturation mixture such that concentrations of 2.5 µM of each primer and 10 mM methyl mercuric hydroxide, in a total volume of 8 µ1, were achieved. After a 10-min incubation at room temperature, 10 µ1 of a neutralization mixture, including 1 µ1 of 1 M 2-mercaptoethanol, 1 µ1 of 20 U/µ1 RNAse inhibitor, and 2 µ1 of each dNTP (10 µM dATP, 10 µM dCTP, 10 µM dGTP, 10 µM dTTP), was added. Immediately following neutralization, 8.7 µ1 of a reverse transcriptase mixture, including 2.7 µ1 of 10 x PCR buffer (500 mM KCl, 100 mM Tris-HCl, pH 8.3), c 5 µ1 of 25 mM MgCl 2 , 1 µ1 of 50 U/µ1 M-MLV reverse transcriptase, d was added. The 27.7-µ1 reverse transcription reaction had a final concentration of 50 mM KCl, 10 mM Tris-HC1 (pH 8.3), 0.72 mM for each dNTP, and 4.5 mM MgC1 2 . The reaction was incubated at 42 C for 30 min followed by 5 min at 99 C. The reaction was then quenched on ice. Finally, 73.3 µ1 of a PCR mixture was added, including 10 x PCR buffer, MgC1 2 , and 2.5 U of Taq polymerase, c such that a final concentration of 50 mM KCl, 10 mM Tris-HC1 (pH 8.3), and 3.25 mM MgCL, was achieved. The reaction underwent a 2-min incubation at 95 C, followed by 40 cycles of 95 C for 1 min and 52 C for 1 min and a final 6-min incubation at 72 C. Thermal profiles were performed on a Techne PHC-2 thermal cycler. e The BTV RT-PCR protocol detected all US prototype BTV, including serotypes 2, 10, 11, 13, and 17. On ethidium bromide-stained agarose gels, the specific 251-bp PCR product was visualized after RT-PCR starting with as little as 1 pg-100 fg of BTV RNA target (Fig. 1) . The specific PCR product was not visualized from 1 ng of EHDV-l and EHDV-2 RNA and Vero cell extract. Using dot hybridization, specific PCR product was detected after RT-PCR starting with as little as 1 fg of BTV RNA target (Fig. 2) . PCR product was not detected from EHDV-l and EHDV-2 RNA and Vero cell extract with dot hybridization.
Starting with 1 pg of BTV RNA target, distinct specific PCR products were visualized from 39 of 40 US BTV field isolates ( Fig. 3 ) and all Israeli BTV field isolates ( Fig. 4 ) when using ethidium bromide-stained agarose gels. The US field isolates included serotypes 10, 11, 13, and 17; and the Israeli field isolates included serotypes 2, 4, 6, 10, and 16. One BTV-11 field isolate did not yield a distinct PCR product on ethidium bromide-stained agarose gels (Fig. 3) . With dot hybridization, specific PCR product was detected from all 40 US field isolates and all 10 Israeli field isolates ( Fig. 5 , data for US BTV-11 only, all other data not shown). The RT-PCR protocol with the Israeli BTV field isolates utilized a 50 C annealing temperature, whereas a 52 C annealing temperature was used with US BTV prototypes and field isolates.
Discussion
Fifteen microliters of the PCR reaction was run on a 3%
The described BTV RT-PCR protocol reproducibly Nu-Sieve/ 1% SeaKem agarose f gel and stained with ethidium and specifically detected 1 fg of target BTV RNA with bromide. dot hybridization and 1 pg-100 fg of BTV RNA with ethidium bromide-stained agarose gels from all US prototype BTV serotypes. Based on a BTV genome molecular weight of 1.8 x 10 6 Da, 1 fg of BTV RNA is equivalent to the amount of viral RNA from 50 virions. 20 The viral particle : infectious unit ratio of BTV is 5-10:1. 11 Hence, 50 viral particles are equivalent to approximately 5 infectious units. With ethidium bromide-stained gel detection, the sensitivity of the PCR protocol is 5 x 10 2 -5 x 10 3 BTV infectious units. Assuming a 100% yield of the particular nucleic acid extraction method, the sensitivity of the described PCR protocol with dot blot hybridization is within the sensitivity limit of virus isolation methods. Increased sensitivity by using hybridization detection of PCR products versus ethidium bromide-stained agarose gel detection has been reported for BTV 6 and other viruses. 22, 27 In addition to increasing sensitivity, hybridization of the PCR product with a probe complementary to amplified sequence internal to the primer annealing site also ensures the identity of the PCR product.
The BTV RT-PCR using primers derived from genome segment 10 detected all US prototype serotypes and a broad spectrum of US and Israeli BTV field isolates, demonstrating a potential for use for serogroup detection of BTV. In 1 of 40 US field isolates tested (1 BTV-11 isolate), a distinct specific PCR product was not visualized on the ethidium bromide-stained gels. However, dot hybridization confirmed the presence of specific PCR product from this isolate as well as from all other BTV field isolates. These results indicate that reliable and sensitive detection of BTV serogroup using the described BTV RT-PCR would require dot hybridization or confirmation of the presence of specific PCR product by a hybridization step.
The lack of visualization of a distinct PCR product on ethidium bromide-stained agarose gels with confirmation of specific PCR product by dot hybridization in 1 of 40 US field isolates indicates that level of PCR amplification with this sample was less than that of other samples. The reason(s) for the apparent re- Figure 2 . Dot blot of the BTV-specific PCR products from Fig. 1 hybridized with the 40-mer oligonucleotide probe endlabeled with 32 P. Specific PCR product is detected from as little as 1 fg of BTV RNA target. C = control; El = EHDV-l; E2 = EHDV-2; V = Vero cell extract; p = pg; f = fg. duced level of PCR amplification is unclear but may be related to slightly less complementary base pairing between the target viral sequences of this isolate and the PCR primers when compared with pairing of the other isolates. Comparisons of the first 265 nucleotides of genome segment 10 (i.e., the region of the genome bracketed by the PCR primers) of Australian BTV-1 , 25 South African BTV-10, 14 and US BTV-11 UC-8 strain (C. A. de Mattos, personal communication) demonstrates > 90% conservation overall and 100% conservation in the regions of PCR primer binding. If the reduced amplification was due to slightly less complementary base pairing between PCR primers and virus target, then the level of amplification with this US BTV isolate might be enhanced by a slight reduction in primer annealing temperature. Indeed, visualization of specific PCR product on ethidium bromide-stained agarose gels from all Israeli BTV isolates was achieved by slightly reducing the annealing temperature from 52 to 50 C (data not shown). This slight Fig. 3) hybridized with the 40-mer oligonucleotide probe endlabeled with 32 P. BTV-specific product from all BTV-11 field isolates is unequivocally present. The field isolate that yielded an equivocal signal on the agarose gel is marked with an *. C = control; El = EHDV-l; E2 = EHDV-2; V = Vero cell extract. reduction in annealing temperature enhanced BTV se-6. Dangler CA, de Mattos CA, de Mattos CC, Osbum IB: 1990, rogroup specificity only, and PCR product was not amplified from EHDV-1 and EHDV-2 RNA and Vero cell extract.
The reported BTV RT-PCR using primers derived from segment 10 reproducibly and specifically detected BTV RNA from all US prototype BTV serotypes and a wide spectrum of US and Israeli BTV field isolates. With dot hybridization detection of specific PCR product, the sensitivity of the protocol is within the range of virus isolation. In addition, the protocol demonstrates the need for confirmation of the presence of specific PCR product by hybridization, especially when PCR product is not visualized on an ethidium bromide-stained agarose gel. The BTV RT-PCR can provide a rapid, sensitive, and specific viral identification method for BTV infections. Application of the BTV RT-PCR protocol to clinical samples is underway. 
